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TOROIDAI.-TYPE CONTINUOUSLY VAEUABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 
1> Field of the Invention 
5 A toroidal-type continuously variable transmission 

according to the invention is used as transiaission unit 
constituting an automatic transmission for a car^ or# as a 
transmission apparatus for adjusting the operating speed of 
various industrial machines such as a pump. 

10 2> Description of the Related Art 

Conventionally, to use such a toroidal-type continuously 
variation transmission as shown in Figs* 4 to 6 as an automatic 
transmission apparatus for a car has been studied and such use 
has been enforced in part of the car industry* A toroidal- type 

15 continuously variable transmission of this type is referred 
to as a toroidal-type continuously variable transmission of 
a double cavity type, in which input side disks 2, 2 serving 
as first disks are supported through their respective ball 
splines 3, 3 on the peripheries of the two end portions of an 

20 input shaft 1. Therefore, these two input side disks 2, 2 are 
supported in such a manner that they are concentric with each 
other and can be rotated in synchronization with each other - 
Also/ an output gear 4 is supported on the periphery of the 
middle portion of the input shaft 1 in such a manner that it 

25 can be rot at d with respect to the input shaft 1 . And, output 
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side disks 5, 5 serving as second disks are respectively spline 
engaged with the two end portions of a cylindrical portion 
disposed in the central portion of the output gear 4 . Therefore/ 
the two output side disks 5, 5 can be rotated together with 
S the output gear 4 in synchronization with each other. 

Also, respectively between the mutually associated input 
side disks 2, 2 and output side disks 5, 5^ there are held a 
plurality of (norinally^ 2 to 3) power rollers 6, 6. The power 
rollers 6f 6 are respectively supported on the inner surfaces 
10 of trxxnnions serving as support members through support shafts 

8, 8 and a plurality of rolling bearings in such a manner that 
they can be rotated. The trunnions 7, 7 can be respectively 
swung and shifted about their associated pivot shafts 9, 9 which 
are disposed on the two end portions of the trunnions 7, 7 in 

15 their respective longitudinal directions (in Fig. 4^ 6^ in the 
upward and downward directions; and, in Fig. 5, in the front 
and back directions) in such a manner that the pivot shafts 

9, 9 are concentric with each other. An operation to incline 
the respective trunnions 1, 7 is carried out by shifting the 

20 trimnions 7, 7 in the axial directions of the pivot shafts 9, 
9 using actuators 10, 10 each of an oil pressure type; and, 
the inclination angles of all of the trunnions are synchronized 
with each other in an oil pressure manner and in a mechanical 
manner • 

25 That iS/ in case where the inclination angles of the 
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trunnions 1 , 7 are changed in order to change a transmission 
ratio between the input shaft 1 and output gear A, the trunnions 
1 , 1 arerespectivelyshiftedinthemutuallyoppositedirections/ 
using their associated actuators 10/ 10; for example, the power 
5 roller 6 situated on the right side in Fig* 6 is shifted to 
the lower side in Fig. 6 and the power roller 6 on the left 
side in Fig. 6 is shifted to the upper side in Fig, 6* This 
changes the directions of forces going in the tangential 
direction which respectively act on the contact portions between 

10 the peripheral surfaces of the power rollers 6, 6 and the inner 
surfaces of the input side disks 2, 2 and output side disks 
5/ 5 (that iS/ side-slip occurs in the contact portions) . And/ 
with such change in the directions of the tangential-direction 
forces, the trunnions 7, 7 are swung (inclined) in the mutually 

15 opposite directions about the pivot shafts 9/ 9 which are 
pivotally supported on their associated support plates 11, 11 . 
As a result of this / the contact positions between the peripheral 
surfaces of the power rollers 6/ 6 and the inner surfaces of 
the input side and output side disks 2/ 5 are caused to change, 

20 thereby changing the rotation transmission ratio between the 
input shaft 1 and output gear 4, 

Supply of pressure oil to the above respective actuators 
10, 10 is carried out using a single transmission ratio control 
valve 12 regardless of the number of these actuators 10, 10; 

25 and, the motion of any one of the trunnions 7, 7 is fed back 



to the transmission ratio control valve 12. The transmission 
ratio control valve 12 includes a sleeve 14 to be shifted in 
the axial direction (in Fig. 6, in the right and left direction; 
and/ in Fig« 4/ in the front and back direction) by a stepping 
5 motor 13^ and a spool 15 fitted into the inside diameter side 
of the sleeve 14 in such a manner that it can be shifted in 
the axial direction . Also/ of rods 17 , 17 which connect together 
the trunnions 7, 1 and the pistons 16, 16 of the actuators 10, 
10, to the end portion of the rod 17 which belongs to any one 

10 of the trunnions 7, there is fixed a precess cam 18, thereby 
constituting a feedback mechanism which transmits the 
above-mentioned motion of the rod 17, that is, the composite 
value of the axial-direction shift amount and the 
rotation-direction amount to the spool IS through the present 

15 precess cam 18 and a link arm 19. Also, a synchronizing cable 
20 is set between the trunnions 7, 7, thereby being able to 
mechanically synchronize the inclination angles of the 
trunnions 7,7 with each other even in case where an oil pressure 
system is out of order . 

20 To switch over the transmission state, the sleeve 14 is 

shifted to a given position corresponding to a transmission 
ratio to be obtained by the stepping motor 13 to thereby open 
the given-direction flow passage of the transmission ratio 
control valve 12* As a result of this, the pressure oil is 

25 fed into the actuators 10, 10 in the given direction, so that 
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these actuators 10, 10 shift the trunnions 1, 7 in the given 
direction. That is^ as the pressure oil is fed, the trunnions 
7, 7 not only are shifted in the axial direction of the pivot 
shafts 9, 9 but also are swxmg about these pivot shafts 9, 9. 
5 And, the motion (axial-direction shifting and swinging motion) 
of the above-mentioned one of the trunnions 7 is transmitted 
to the spool 15 through the precess cam 18 fixed to the end 
portion of the rod 17 and link arm 19, thereby shifting the 
spool 15 in the axial direction. As a result of this, in a 

10 state where the present trunnion 7 is shifted by a given amount, 
the flow passage of the transmission ratio control valve 12 
is closed to thereby stop the supply of the pressure oil to 
the actuators 10, 10, 

In this case, the motion of the transmission ratio control 

15 valve 12 based on the shifting motion of the trunnion 7 and 
the shifting motion of the cam surface 21 of the precess cam 
18 is as follows* That is, firstly, in case where the trunnion 
7 is shifted in the axial direction as the flow passage of the 
transmission ratio control valve 12 is opened, as described 

20 above, due to the side-slip which occurs in the contact portions 
between the peripheral surfaces of the power rollers 6 and the 
inner surfaces of the input side and output side disks 2, 5, 
the above trunnion 7 starts its shifting and swinging motion 
about its associated pivot shafts 9, 9, Also, with the 

25 axial^direction shifting motion of the trunnion 7, the shifting 



5 



« 



motion of the cam surface 21 is transmitted through the link 
arm 19 to the spool 15, so that the spool 15 is shifted in the 
axial direction to thereby change the switching state of the 
transmission ratio control valve 12* Specifically, the 
5 transmission ratio control valve 12 is switched into a direction 
in which the trunnion 7 is returned to the neutral position 
thereof by the actuator 10. 

Therefore, the trunnion 7, just after it shifts in the 
axial direction, starts to shift in the opposite direction toward 

10 the neutral position. However/ the trunnion 7 continues to 
swing about the pivot shafts 9, 9 as long as the shift thereof 
from the neutral position exists. As a result of this, the 
shift of the cam surface 21 of the precess cam 18 with respect 
to the circumferential direction is transmitted through the 

15 link arm 19 to the spool 15 to thereby shift the spool 15 in 
the axial direction. And/ in a state where the inclination 
angle of the trunnion 7 reaches a given eingle corresponding 
to a transmission ratio to be obtained, the trunnion 7 returns 
to the neutral position and, at the same time/ the transmission 

20 ratio control valve 12 is closed/ so that the supply of the 
pressure to the actuator 10 is stopped- As a result of this/ 
the inclination angle of the trunnion 7 provides an angle 
corresponding to the amount by which the sleeve 14 has been 
shifted in the axial direction by the stepping motor 13. 

25 The above-structured toroidal-type continuously 
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variable transmission is in operation, one (in Figs. 4 and 5, 
the left side) input side disk 2 is driven and rotated through 
such a pressing device 23 of a loading cam type or an oil pressure 
type as shown in Figs. 4 and 5 by a drive shaft 22 which is 
5 connected to a drive source such as an engine. As a result 
of this, the pair of input side disks 2^ 2 respectively supported 
on the two end portions of the input shaft 1 are rotated in 
synchronization with each other while they are pushed in their 
mutually approaching directions. And, these rotational 
10 movements are transmitted through the power rollers 6, 6 to 
the output side disks 5, 5 are then taken out from the output 
gear 4. 

When transmitting the rotational movements from the 
input side disks 2, 2 to the output side disks 5, 5 in this 

15 manner, due to friction between the peripheral surfaces of the 
power rollers 6, 6 supported on the inner surfaces of the 
truimions 7, 7 and the inner surfaces of the disks 2, S, a force 
going in the axial direction of the pivot shafts 9, 9, which 
are disposed on the two end portions of the trunnions 1, 1, 

20 is applied to the trunnions 1, 7, This force is referred to 
as a so called 2Ft and the size of this force is proportional 
to the force (power) that is transmitted from the input side 
disks 2/ 2 to the output side disks 5, 5 (or from the output 
side disks 5, 5 to the input side disks 2, 2) * And, such force 

25 2Ft is received by the actuators 10, 10* Therefore, when the 



toroidal-type continuously variable transmission is in 
operation, a pressure difference between a pair of oil pressure 
chambers respectively existing on the two sides of pistons 16/ 
16 constituting their associated actuators 10 ^ 10 is 
5 proportional to the size of the force 2Ft. 

NoW/ let us consider a case in which the rotation speed 
is changed between the input shaft 1 and output gear 4 . Firstly, 
to reduce the speed between the input shaft 1 and output gear 
4, the trunnions 1, 1 are respectively moved in the axial 

10 direction of the pivot shafts 9, 9 by the actuators 10, 10 and 
these trunnions 7, 7 are swxmg to such positions as shown in 
Fig, 5, And/ the peripheral surfaces of the power rollers 6, 
6 are respectively contacted with the near-to-center portions 
of the inner surfaces of the input side disks 2, 2 and the 

15 near-to-outer-^periphery portions of the inner surfaces of the 
output side disks 5/ 5 as shown in Fig. 5* On the other hand/ 
to increase the rotation speed, the trunnions 7, 7 are swung 
in the opposite direction to Fig. 5 and the trunnions 7, 7 are 
respectively inclined in such a manner that the peripheral 

20 surfaces of the power rollers 6, 6, oppositely to the state 
shown in Fig. 5/ are respectively contacted with the 
near- to-outer-periphery portions of the inner surfaces of the 
input side 2, 2 and the near- to-center portions of the 

inner surfaces of the output side disks 5, 5. In case where 

25 the inclination angles of these trunnions 7, 7 are set in the 
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intermediate angles, there can be obtained an intermediate 
transmission ratio (a speed ratio) between the input shaft 1 
and output gear 4. 

Further^ when a toroidal-type continuously variable 
5 transmission unit structured and operatable in the 
above-mentioned manner is actually assembled into a 
continuously variable transmission for a car, to construct a 
continuously variable transmission apparatus by combining the 
present toroidal-type continuously variable transmission unit 

10 with a planetary gear mechanism is conventionally proposed as 
disclosed in JP-A-l'-ieSieS, JP-A-1-312266, USPNo. 5,888,160, 
USP No. 6,171,210 and the like. 

Now, Fig* 7 shows a continuously variable transmission 
apparatus which is disclosed in USP No. 6,171,210 of the 

15 above-cited publications. This continuously variable 
transmission apparatus comprises a combination of a 
toroidal- type continuously variable transmission 24 of a double 
cavity type and a planetary-gear-type transmission 25. And, 
in the low speed running operation, the power is transmitted 

20 only by the toroid^il-type continuously variable transmission 
24; and, in the high speed running operation, the power is 
transmitted mainly by the planetary-gear-type transmission 25 
and, at the same time, a speed ratio to be obtained by the 
planetary-gear-type transmission 25 can be adjusted freely by 

25 changing the speed ratio of the toroidal-type continuously 
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variable transmission 24. 

For the above purpose, tbe leading end portion (in Fig* 
7, the right end portion) of an input shaft 1, which penetrates 
through the central portion of the toroidal-type continuously 
5 variable transmission 24 and also on the two end portions of 
which a pair of input side disks 2,2 are supported, is connected 
through a high speed clutch 29 to a transmission shaft 28 which 
is fixed to the central portion of a support plate 27 supporting 
a ring gear 26 constituting the planetary-gear- type 
10 transmission 25. The structure of the toroidal-type 
continuously variable transmission 24 is substantially similar 
to the conventional structure previously shown in Figs. 4 to 
6/ except for a pressing device 23a which will be described 
below, 

15 Also, between the output side end portion (in Fig* 1, 

the right end portion) of a crankshaft 31 of an engine 30 serving 
as a drive source and the input side end portion base end 
portion - the left end portion in Fig. 7) of the input shaft 
1/ there are interposed a start clutch 32 and a pressing device 

20 23a of an oil pressure type in such amanner that they are arranged 
in series to each other with respect to the transmission 
direction of the power. In the case of the continuously variable 
transmission apparatus disclosed in the above-cited USP No. 
6, 171, 210, an arbitrary level of oil pressure can be introduced 

25 into the pressing device 23a. 



An output shaft 33 used to take out the power based on 
the rotation of the input shaft 1 is disposed concentrically 
with the input shaft 1 • And, on the periphery of the output 
shaft 33, there is disposed the planetary-gear-type 
5 transmission 25 » A sun gear 34, which constitutes the 
planetary-gear-type transmission 25, is fixed to the input side 
end portion (in Fig, 7, the left end portion) of the output 
shaft 33, Therefore, the output shaft 33 can be rotated as 
the sun gear 34 is rotated* On the periphery of the sun gear 

10 34, there is supported the ring gear 26 in such a manner that 
it is concentric with the sun gear 34 and can be rotated- And, 
between the inner peripheral surface of the ring gear 26 and 
the outer peripheral surface of the sun gear 34, there are 
interposed a plurality of planetary gears 35, 35, Each of the 

15 planetary gears 35, 35 is composed of a pair of planetary gear 
elements 36a, 36b. These planetary gear elements 36a, 36b are 
meshingly engaged with each other; and, the planetary gear 
element 36a disposed on the outside diameter side is meshingly 
engaged with the ring gear 26, whereas the planetary gear element 

20 36b disposed on the inside diameter side is iaeshingly engaged 
with the sun gear 34. The thus-structured planetary gears 35, 
35 are rotatably supported on the one side surface (in Fig. 
7, the left side surface) of a carrier 37. Also, the carrier 
37 is rotatably supported on the intermediate portion of the 

25 output shaft 33. 
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Also/ the carrier 37 is connected through a power 
transmission mechanism 38 to a pair of output side disks 5, 
5 constituting the toroidal-type continuously variable 
transmission 24 in such a manner that the transmission of the 
5 rotational force between them is possible* The power 
transmission mechanism 38 comprises a transmission shaft 39 
arranged in parallel to the input shaft 1 and output shaft 33, 
a sprocket 40a fixed to one end portion (in Pig. 1 , the left 
end portion) of the transmission shaft 39,- a sprocket 40b fixed 

10 to the output side disks 5, 5/ a chain 41 set over and between 
the two sprockets 40a, 40b^ and first and second gears 42, 43 
which are respectively fixed to the other end portion (in Fig. 
7/ the right end portion) of the transmission shaft 39 and to 
the carrier 37 and also are meshingly engaged with each other. 

15 Therefore, the carrier 37, as the output side disks 5, 5 are 
rotated, canbe rotated in the opposite direction to these output 
side disks 5, 5 at the speed that corresponds not only to the 
number of teeth of the first and second gears 42, 43 but also 
to the pair of sprockets 40a, 40b. 

20 On the other hand, the input shaft 1 and ring gear 26 

can be connected to each other through the transmission shaft 
28 disposed concentrically with the input shaft 1 in such a 
manner that the transmission of the rotation power is possible 
between them. Between the transmission shaft 28 and input shaft 

25 1, there is interposed the high speed clutch 29 in such a manner 



that it is arranged in series to the two shafts 28/ 1 . Therefore, 
when the high speed clutch 29 is connected/ the transmission 
shaft 28 can be rotated in the same direction and at the same 
speed as the input shaft 1 as the input shaft 1 is rotated. 
5 Also/ the continuously variable transmission apparatus 

shown in Pig, 7 further includes a clutch mechanism which 
constitutes mode switching means* This clutch mechanism is 
composed of the high speed clutch 29/ a low speed clutch 44 
interposed between the outer peripheral edge portion of the 

10 carrier 37 and the axial-direction one end portion (in Fig. 
1, the right end portion) of the ring gear 26/ and a retreat 
clutch 45 interposed between the ring gear 26 and the fixed 
portion of the continuously variable transmission apparatus 
such as a housing (not shown) . In the case of these clutches 

IS 29/ 44/ 45/ when any one of them is connected/ the connection 
of the remaining two clutches is cut off. 

In the case of the above-structured continuously variable 
transmission apparatus, firstly/ in the low speed running 
operation/ not only the low speed clutch 44 is connected but 

20 also the connection of the high speed clutch 29 and retreat 
clutch 45 is cut off. In this state, when the start clutch 
32 is connected and the input shaft 1 is rotated/ only the 
toroidal-type continuously variable transmission 24 is allowed 
to transmit the power from the input shaft 1 to the output shaft 

25 33. In such low speed running operation/ the speed ratio between 
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the pair of input side disks 2, 2 and the pair of output side 
disks 5, 5 maybe adjusted similarly to the previously described 
structure which is shown in Figs. 4 to 6 and also in which the 
toroidal-type continuously variable transmission is used 
5 singly. 

On the other hand, in the high speed ruiming operation/ 
not only the high speed clutch 29 is connected but also the 
connection of the low speed clutch 44 and retreat clutch 45 
is cut off. In this state, in case where the start clutch 32 

10 is connected and the input shaft 1 is rotated, the power is 
transmitted from the input shaft 1 to the output shaft 33 by 
the transmission shaft 28 andplanetary-gear-type transmission 
25. That is, in case where the input shaft 1 is rotated in 
the high speed running operation, the rotational power of the 

15 input shaft 1 is transmitted through the high speed clutch 29 
and transmission shaft 28 to the ring gear 26. And, the 
rotational power of the ring gear 26 is transmitted through 
the plurality of planetary gears 35, 35 to the sun gear 34, 
thereby rotating the output shaft 33 with the Stan gear 34 fixed 

20 thereto- In this state, in case where the speed ratio of the 
toroidal-type continuously variable transmission 24 is changed 
to thereby change the revolving speedof the respective planetary 
gears 35, 35 around the sun gear 34, the speed ratio of the 
whole of the continuously variable transmission apparatus can 

25 be adjusted- 

« * 
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That ±St in the above-mentioned high speed running 
operation, the respective planetary gears 35, 35 are revolved 
around the sun gear 34 in the same direction as the ring gear 
26. And, the slower the revolving speeds of the planetary gears 
5 35, 35 aroimd the sun gear are, the faster the rotation speed 
of the output shaft 33 with the siin gear 34 fixed thereto is« 
For example, in case where the revolving speed of the planetary 
gears 35 around the sun gear 34 and the rotation speeds of the 
ring gear 26 (both of the speeds are angular speeds) become 

10 equal to each other, the rotation speeds of the ring gear 26 
and output shaft 33 become equal to each other. On the other 
hand, in case where the rotation speeds of the planetary gears 
35 are slower than the revolving speed of the ring gear 26, 
the rotation speed of the output shaft 33 is faster than the 

15 rotation speed of the ring gear 26* Contrary to this, in case 
where the rotation speed of the planetary gears 35 is faster 
than the revolving speed of the ring gear 26, the rotation speed 
of the output shaft 33 is slower than the rotation speed of 
the ring gear 26* 

20 Therefore, in the high speed running operation, the more* 

the speed ratio of the toroidal-type continuously variable 
transmission 24 is changed toward the speed reducing side, the 
more the speed ratio of the whole of the continuously variable 
transmission apparatus is changed to the speed increasing side. 

25 In such high speed running operation, power (torque) is applied 
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to the toroidal-type continuously variable transmission 24 not 
froiu the input side disks 2/ 2 but from the output side disk 
5 (assiuaing that a torque to be applied in the low speed operation 
is a positive torque, a negative torque is applied) . That is, 
5 in a state where the high speed clutch 29 is connected, the 
torque transmitted from the engine 30 to the input shaft 1 is 
transmitted through the transmission shaft 28 to the ring gear 
26 of the planetary-gear-type transmission 25, Therefore, 
there exists little torque which is transmitted to the input 

10 side disks 2, 2 from the input shaft 1 side« 

On the other hand, part of the torque transmitted through 
the transmission shaft 28 to the ring gear 26 of the 
planetary-gear-type transmission 25 is transmitted from the 
respective planetary gears 35, 35 through the carrier 37 and 

15 power transmission mechanism 38 to the respective output side 
disks 5, 5. The torque to be applied from the output side disks 
5, 5 to the toroidal-type continuously variable transmission 
24 decreases as the speed ratio of the toroidal-type continuously 
variable transmission 24 is changed toward the speed reducing 

20 side, in order that the speed ratio of the whole of the 
continuously variable transmission apparatus can be changed 
to the speed increasing side* As a result of this, the torque 
to be input to the toroidal- type continuously variable 
transmission 24 in the high speed running operation decreases. 

2S And, in case where the torque to be applied to the toroidal-type 
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continuously variable transmission 24 is small in this manner, 
the pressing force to be generated by the pressing device 23a 
is reduced to thereby enhance the dxirability of the composing 
parts of the toroidal-type continuously variable transmission 
5 24. (USP No. 6/171, 210), 

Further, when rotating the output shaft 33 reversely in 
order to back a car, not only the connection of both of the 
low speed and high speed clutches 44, 29 is cut off but also 
the retreat clutch 45 is connected. As a result of this, not 

10 only the ring gear 26 is fixed but also the respective planetary 
gears 35, 35 revolve around the periphery of the sun gear 34 
while they are meshingly engaged with the ring gear 26 and sun 
gear 34. And, the sun gear 34 and output shaft 33 with the 
sun gear 34 fixed thereto are rotated in the opposite direction 

15 to the previously described low speed and high speed running 
operations. 

As the structure of a pressing device used in a 
toroidal- type continuously variable transmission for securing 
the surface pressure of the rolling contact portions (traction 

20 portions) between the inner surfaces of the input side and output 
side disks and the peripheral surfaces of the respective power 
rollers^ there are known/ besides the structure shown in Figs. 
4, 5 and 7, structures which are disclosed in JP-B-6-72652 and 
JP-A-2000-65193. Of the two cited publications, JP-B-6-72652 

25 discloses a structure which adjusts oil pressure to be introduced 
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into a pressing device of an oil pressure type bymanlf old vacuum 
of the engine and inclined angle of the trunnion as well as 
a structure which combines together a loading cam and an oil 
pressure cylinder, allows the loading cam to generate a pressing 
5 force corresponding to an input torque, and allows the oil 
pressure cylinder to generate a pressing force corresponding 
to a transmission ratio. Also, in iJP-A-2000-65193, there is 
disclosed a structure in which the kinematic viscosity of 
traction oil is measured u$ing a viscosity sensor and a pressing 

10 force to be generated by the pressing device is changed according 
to the measured kinematic viscosity* 

Of the above-mentioned conventional structures, in the 
case of the structure shown in Figs. 4 and 5, the pressing force 
to be generated by the pressing device 23 of a loading cam type 

15 is often excessively large, which provides a disadvantage from 
the viewpoint of securing the durability of the composing parts 
of the toroidal-type continuously variable transmission 24. 
That is, for example, as disclosed in the above-citedpublication, 
JP-B-6-72652 or ^'Motion & Control'' NSK Technical Journal No. 

20 10 April, 2001, it is conventionally known that the pressing 
force required of the pressing device 23 varies according to 
the transmission ratios. On the other hand, the pressing force 
to be generated by the pressing device 23 of a loading cam type 
is constant so long as the torque applied to the input portion 

25 of the pressing device 23 is the same. Therefore, the pressing 




device 23 of a loading cam type Is designed In such a manner 
that it can generate the largest pressing force required. In 
concrete terms/ in a case where the transmission ratio requires 
maximum pressing force, the pressing device is designed as a 
5 structure generating the required force. For this reason. In 
case where the transmission ratio deviates greatly from 1 (that 
is, in case where a speed increasing ratio or a speed reducing 
ratio becomes large) , the pressing force to be generated by 
the pressing device 23 is excessively large. The excessive 

10 large pressing force is undesirable not only from the viewpoint 
of reduction in the size of the toroidal-type continuously 
variable transmission, for securement of transmission 
efficiency but also from the viewpoint of securing the durability 
of the composing parts of the toroidal-type continuously 

15 variable transmission. 

Also, in the case of the structure shown in Fig. 7, 
consideration is given only to reduction In the oil pressure 
to be generatedby the pressing device 23a when the torque passing 
through the toroidal-type continuously variable transmission 

20 24 in the high speed mode in which the high speed clutch 29 
is connected. Therefore, the present structure cannot always 
provide a sufficient effect from the viewpoint of securement 
of transmission efficiency and from the viewpoint of securement 
of durability. 

25 Also, the structure disclosed in JP-B-6^72652 is a 
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Structure in which there is generated a pressing force with 
an input torque and a transmission ratio taken into consideration • 
However^ it is difficult to roake such a fine adjustment as to 
reduce sufficiently a difference between a pressing force 
5 required and a pressing force occurring actually- 
Further/ the structure disclosed in JP-A^2000-65193 is 
capable of obtaining a pressing force corresponding to the 
kinematic viscosity of the traction oil. However, the present 
structure is not able toioake a more detailed adjustment . Also, 

10 not only it is difficult to measure the kinematic viscosity 
of the traction portion but also,^ even in case where such 
measurement is possible, it is unavoidable that the structure 
is complicated. 

In order to reduce sufficiently the difference between 

15 the necessary pressing force and the actually occurring pressing 
force, that is, inordertoioake the pressing force tobe generated 
by the pressing device correspond with the minimum pressing 
force necessary to secure the surface pressure of the traction 
portion (actually, in order to make the former slightly larger 

20 than the latter) , it can be expected that the oil pressure to 
be introduced into the pressing device of an oil pressure type 
is controlled electrically. In case where the oil pressure 
is controlled electrically in this manner, regardless of 
variations in the transmission ratio, the pressing force to 

25 be generated by the pressing device can be made slightly larger 



than the minimum necessary pressing force ^ thereby being able 
not only to prevent the surface pressures of the traction 
portions from being excessively large but also to prevent 
excessive slippage from occurring in the traction portions. 
5 However/ in case where the oil pressure to be introduced 

into the pressing device of an oil pressure type is controlled 
purely electrically, when a computer for control is out of order 
or when a control circuit is out of order due to breaking of 
a wire, the oil pressure disappears or lowers extremely. As 

10 a result of this^ the inner surfaces of the input side and output 
side disks and the peripheral surfaces of the power rollers, 
which are the composing parts of the toroidal-type continuously 
variable transmission, slip with respect to each other in their 
mutual rolling contact portions (that is, the above-mentioned 

15 traction portions) / thereby causing so called gross slippage 
which makes it impossible to transmit the power between them* 
In case where such gross slippage occurs, not only a vehicle 
carrying the toroidal-type continuously variable transmission 
becomes unable to run but also the respective surfaces wear 

20 excessively, thereby raising a possibility that the 
toroidal-type continuously variable transmission can be 
damaged to such a degree that the transmission cannot be repaired. 
On the other hand, under present conditions, the possibility 
of an electrical control circuit being out of order is higher 

25 than the possibility of a control mechanism of an oil pressure 
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type or a mechanical type being out of order* Therefore^ in 
. case where the oil pressure to be introduced into the pressing 
device of the above-mentioned oil pressure type is controlled 
only by the control circuit of a purely electrical type, there 
5 arises aproblemfromthe viewpoint of securement of reliability* 

SUMMARY OF THE INVENTION 
In view of the above-mentioned conventional structures r 
it is an object of the present invention to provide a structure 

10 which can be constructed in a simple manner, can provide proper 
surface pressures in the traction portions to thereby be able 
to secure the transmission efficiency and durability of a 
toroidal-type continuously variable transmission, and, even 
when disabled, can secure the minimum function. 

15 In attaining the above ob j ect f according to the invention, 

there is provided a toroidal-type continuously variable 
transzaission/ has: first and second disks respectively 
including inner surfaces and disposed so as to be concentric 
with each other and rotated with respect to each other; a 

20 plurality of power rollers interposed between and held by the 
mutually facing inner surfaces of the first and second disks 
for transmitting power between the first and second disks; a 
pressing device of an oil pressure type for pressing the first 
disk toward the second disk; a main oil pressure control unit 

25 for non-electrically detecting the force to be transmitted 
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between the first and second disks, the main oil pressure control 
setting, as a target value, an oil pressure necessary for the 
pressing device to generate a pressing force necessary when 
a transmission ratio between the first and second disks is a 
5 transtaission ratio requiring a maximum pressing force, and 
increase the target value as the pressing force increases; and, 
an oil pressure correcting apparatus for electrically finding 
a necessary value of the oil pressure, the necessary value 
corresponding to the optimum value of such pressing force to 

10 be generated by the pressing device as to vary according to 
the transmission ratio between the first and second disks, and 
also for introducing an oil pressure of a value into the pressing 
device, the oil pressure of the value being obtained by 
subtracting a correction value, which is a difference between 

15 the necessary value and the target value, from the target value . 

Also, according to the invention, the toroidal-type 
continuously variable transmission may have: a support member 
swingable and shiftable about a pivot shaft in transmission 
with the power rollers rotatably supported; and, an actuator 

20 of an oil pressure type including a cylinder and a piston fitted 
into the cylinder and shifting the support member in the axial 
direction of the pivot shaft in accordance with supply and 
exclusion of the pressure oil, wherein the force to be 
transmitted between the first and second disks is detected in 

25 accordance with a difference between oil pressures in a pair 



of oil pressure chainbers existing within the cylinder on the 
two sides of the axial direction of the piston. 

Further, according to the invention, an operation device 
constituting the oil pressure correcting apparatus finds a 
5 correction signal according to the transmission ratio and the 
temperature of lubricating oil existing in the interior of the 
toroidal-type continuously variable transmission and the 
rotation speed of a drive source / and/ in accordance with the 
correction signal/ the correction value of the oil pressure 
10 is obtained by opening and closing an electromagnetic valve 
in accordance with the correction signal. 
[OPERATION] 

In the case of the above- structured toroidal-type 
continuously variable transmission according to the invention, 

15 the pressing force to be generated by the pressing device is 
adjusted by the force (power) passing through the toroidal-type 
continuously variable transmission and the transmission ratio 
thereof; and, therefore, regardless of the operating states 
of the toroidal-type continuously variable transmission, the 

20 pressing force can be controlled to the optimum value- That 
is, the oil pressure to be introduced into the pressing device 
by the oil pressure correct device is set at a value obtained 
by subtracting a correction value from a target value set by 
a main oil pressure control unit, that is, a necessary value 

25 which varies according to a transmission ratio between the first 
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and second disks and corresponds to the optimum value of the 
pressing force to be generated by the pressing device. Of the 
necessary value ^ the correction value can be obtained 
electrically and/ theref ore^ the oil pressure to be introduced 
5 into the pressing device can be fine adjusted according to the 
operating states of the toroidal-type continuously variable 
transmission. As a result of this^ the surface pressure of 
the traction portions can be set at a proper value/ which makes 
it possible to secure the transmission efficiency and durability 

10 of the toroldal-^type continuously variable transmission. 

Also/ in case where an electric circuit for obtaining 
the necessary value is out of order, the oil pressure correct 
device is iinable to calculate the correction value^ while the 
oil pressure of a target value set by the main oil pressure 

15 control unit is introduced into the pressing device • The target 
value exceeds the necessary value when the transmission ratio 
between the first and second disks is a speed reducing side 
or a speed increasing side. In other words, when the 
transmission ratio is the speed reducing side or the speed 

20 increasing side, the pressing force to be generated by the 
pressing device is excessively large. However, the pressing 
force to be generated in this case, in the first example of 
the conventional structures shown in the previously described 
Figs 4 to 6, corresponds to the pressing force that is generated 

25 by the pressing device 23 of a loading cam type. Therefore, 




the transJDciission efficiency and durability of the toroidal-type 
continuously variable transmission are lowered slightly^ while 
the necessary minimum function can be secured. Thanks to this, 
not only a vehicle carrying the above-mentioned toroidal-type 
5 continuously variable transmission can be made to rxm by itself 
to a repair shop but also the inner surfaces of the first and 
second disks and the peripheral surfaces of the power rollers 
can be prevented against heavy damage . 

Also, in case where the power to be transmitted between 

10 the first and second disks is detected in accordance with a 
difference between the values of oil pressures in a pair of 
oil pressure chambers formed in a cylinder portion constituting 
an actuator of an oil pressure type for shifting support members 
supporting the power rollers in the axial direction of their 

15 associated pivot shafts, the present power canbe detectedhighly 
efficiently with a simple structure. 

Further, in case where a correction signal is obtained 
while not only the transmission ratio but also the temperature 
of lubricating oil existing in the interior of the toroidal-type 

20 continuously variable transmission and the rotation speed of 
the drive source are taken into consideration, and the correction 
value of the oil pressure is obtained by opening and closing 
an electromagnetic valve in accordance with the thus-obtained 
correction signal, the surface pressures of the traction 

25 portions in the normal time (in the trouble-free time) can be 




set at more proper values and thus the transmission efficiency 
and durability of the toroidal- type continuously variable 
transmission can be secured more effectively. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial section view of an embodiment of a 
toroidal-type continuously variable transmission according to 
the invention; 

Fig. 2 is a section view of a pressing force control valve; 
10 Fig. 3 is a section view of a pressure difference take-out 

valve; 

Fig- 4 is a section view of an example of a conventional 
toroidal-type continuously variable transmission; 

Pig. 5 is a section view taken along the line A-A shown 
15 in Fig» 4; 

Fig, 6 is a section view taken along the line B-B shown 
in Fig. 4; and. 

Fig, 7 is a schematic section view of an example of a 
conventional continuously variable transmission apparatus 
20 which is composed of a combination of a toroidal-type 
continuously variable transmission unit and a 
planetary-gear^type transmission unit- 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 Now*- Figs. 1 to 3 show an embodiment of a toroidal^type 
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continuously variable transmission according to the invention* 
By the way^ the invention is characterized by the structure 
of such portion of the toroidal-type continuously variable 
transmission that can set proper the surface pressures of the 
5 rolling contact portions between the inner surfaces of input 
side and output side disks, 2, 5 and the peripheral surfaces 
of power rollers 6, 6, that is, the traction portions. The 
structure of a toroidal-type continuously variable 
transmission 24a itself is similar to the first example of the 

10 conventional structures shown in the previously described Figs 
4 to 6 except that/ as a pressing device 23a, there is used 
a pressing device of an oil pressure type. Therefore, 
illustration and description of the equivalent parts are omitted 
or simplified here. Thus, description will be given ma.inly 

15 of the characteristic portions of the invention. By the way, 
in Fig, 1, the oil pressure transmission route of an oil pressure 
circuit is drawn by a solid line, while the signal transmission 
route of an electric circuit is drawn by a one-dot chained line- 
A cylinder 46, which has a U-shaped section and is formed 

20 in a circular ring shape as a whole, is fitted with the outer 
surface of one end portion (in Fig. 1, the left end portion) 
of an input shaft 1 constituting the above-mentioned 
toroidal-type continuously variable transmission 24a and is 
held by a spacer 47 and a loading nut 48 to thereby prevent 

25 the cylinder 46 from being removed from the input shaft 1 . And, 
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the outer half section (in Fig. 1/ the left half section) of 
the input side disk 2 is oil-tight fitted into the cylinder 
46^ thereby constituting the pressing device 23a of an oil 
pressure type. By the way, between the bottom plate portion 
5 of the cylinder 4 6 and the outer surface of the input side disk 
2/ there is interposed a pre-load spring 49 such as a coned 
plate spring* This pre-load spring 49 is disposed in order 
to apply the necessary minimum surface pressure to the traction 
portions * Also^ pressure oil can be supplied into the pressing 

10 device 23a through an oil supply passage 50 formed in one end 
portion of the input shaft 1 and cylinder 46. That is, the 
pressure oil, which is sucked through a filter 52 from an oil 
tank portion 51 disposed in a portion of a casing (not shown) 
with the toroidal-type continuously variable transmission 24a 

15 stored therein and is then jetted out from a pressure oil pump 
53, can be fed into the oil supply passage 50 through a first 
pressure introduction passage 54 « 

According to the present embodiment, one end portion of 
a pressure escape passage 55 is connected to the intermediate 

20 portion of the first pressure introduction passage 54, while 
the other endportion of the pressure escape passage 55 is allowed 
to coxomunicate with the oil tank portion 51. And, a pressing 
force control valve 56 is disposed on the intermediate portion 
of the pressure escape passage 55 in such a manner that the 

25 pressing force control valve 56 is connected in series to the 
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pressure escape passage 55* The pressing force control valve 
56 has the function of a relief valve and, as can be seen from 
the concrete structure of the pressing force control valve 56 
shown in Fig* 2, thepressing force control valve 56 is structured 
5 such that a spool 58 fitted into a casing 57 so as to be shif table 
in the axial direction is energised by a spring 59. Also^ the 
pressing force control valve 56 includes first to third pilot 
portions 60 to 62. Of these three pilot portions, the first 
and second pilot portions 60, 61 are used to adjust the valve 

10 opening pressure of thepressing force control valve 56 according 
to the size of the force that is transmitted between the input 
side disk 2 and output side disk 5. On the other hand, the 
third pilot portion 62 is used to adjust the valve opening 
pressure of the pressing force control valve 56 according to 

15 the transmission ratio of the toroidal-type continuously 
variable transmission 24a, the temperature of lubricating oil 
(traction oil) existing in the interior of the toroidal- type 
continuously variable transmission 24a> and other operating 
conditions than the above-mentioned force such as the rotation 

20 speed of an engine serving as a drive source . In the present 
embodiment/ by properly adjusting the oil pressure to be 
introduced into the first to third pilot portions 60 to 62, 
the pressing force to be generated by the pressing device 23a 
can be restricted properly according to the operating conditions 

25 of the toroidal- type continuously variable transmission 24a. 
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Plrstly, description will be given below of the portion 
that restricts the oil pressure to be introduced into the first 
and second pilot portions 60 and 61 according to the size of 
the above-mentioned force. In the present eiabodiment, as the 
5 oil pressure to be introduced into any one of the first and 
second pilot portions 60, 61 increases, the valve opening 
pressure of the pressing force control valve 56 Increases and 
the oil pressure to be introduced into the cylinder 46 
constituting the pressing device 23a increases. For this 

10 purpose, in the present embodiment, a pressure difference 
between a pair of oil pressure chambers 63r, 63b disposed in 
an actuator 10 for shifting a trunnion 7 in the axial direction 
of its associated pivot shafts 9, 9 with a piston 16 between 
them can be introduced into any one of the pilot portions 60, 

15 61, By the way, the pressure receiving areas of the first and 
second pilot portions 60, 61 are set equal to each other, so 
that, regardless of the transmission directions of the force, 
the size of the force pressing the spool 58 of the pressing 
force control valve 56 to the right in Figs 1 and 2 can be 

20 maintained constant so long as the force passing through the 
toroidal-type continuously variable transmission 24a is the 
sa3ne. 

To the pair of oil pressure chambers 63a, 63b, similarly 
to the previously described conventional structure, there can 
25 be supplied the pressure oil through a transmission ratio control 
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valve 12. Asleevel4 (see Fig. 6) constituting the transmission 
ratio control valve 12 is shifted in the axial direction by 
asteppingmotor 13 (see Fig. 6) in accordance with an instruction 
signal from a transiaission control unit 76 with a built-in 
5 microcomputer. As has been previously described^ the size | 
Ap I of the pressure difference ± AP between the pair of oil 
pressure chambers 63a^ 63b into which the oil pressure is 
introduced through such transmission ratio control valve 12 
is in proportion to the force that passes through the 

10 toroidal-type continuously variable transmission 24a. By the 
way/ in the case of the above-mentioned pressure difference f 
a mark + means a case in which, as the power is transmitted 
from the engine to the drive wheels/ the trunnion 7 shown on 
the upper left portion in Fig. 1 is pulled upwardly; and, - 

15 means a case in which/ with operation of engine braking caused 
by speed reduction, the trunnion 7 is pushed downwardly* 

At any rate, in the present embodiment/ the pressure 

difference ± AP is taken out by a pressure difference take^out 
valve 64 and is then introduced into any one of the first and 

20 second pilot portions 60, 61. Here/ Fig, 3 shows the concrete 
structure of the pressure difference take-out valve 64, That 
is/ as shown in Fig. 3, in the pressure difference take-out 
valve 64, a pair of springs 67, 67 and a pair of pilot portions 
68a/ 68b are respectively disposed with a spool 66 between them, 

25 while the spool 66 is fitted into a cylinder hole 65 including 
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a small -diametei: portion and a large-diameter portion arranged 
alternately in such a manner that the spool 66 can be shifted 
in the axial direction. The spool 66 includes a plurality of 
collar portions which can be oil--tight fitted with the 
small -diameter portion of the cylinder hole 65. And, the 
downstream end of the second pressure introduction passage 69 
is opened in the interior of the large-diameter portion that 
exists in the central portion of the cylinder hole 65. Also, 
the upstream end of the second pressure introduction passage 
69 Is connected to the jet-out opening of the pressure oil pimp 

63 and/ on the middle portion of the second pressure Introduction 
passage 69^ there is disposed a pressure reducing valve 70 in 
such a manner that the pressure reducing valve 70 is connected 
in series to the second pressure introduction passage 69 • 

The spool 66 constituting the pressure difference 
take-out valve 64 can be shifted in the axial direction according 
to such pressure in the interior of the pair of oil pressure 
chambers 63a, 63b disposed in the actuator 10 with a piston 
1 6 between them that is introduced into the pair of pilot portions 
68a/ 68b. And/ the spool 66 controls the communication state 
between the downstream end of the second pressure introduction 
passage 69 and the first and second pilot portions 60, 61 
belonging to the pressing force control valve 56. That is, 
the spool 66 constituting the pressure dif f rence take-out valve 

64 is shifted in the axial direction according to the difference 
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between the oil pressures that are respectively introduced into 
the pair of pilot portions 68a^ 68b* Depending on whether the 
oil pressure introduced into one 68a {68b) of the two pilot 
portions is higher than the oil pressure introduced into the 
5 other 68b (68a) of the two pilot portions or not/ the oil pressure 
is introduced into third pressure introduction passages 71a 
(71b) with their respective one end portions (in Fig. 1> the 
upper left end portions) connected to the pressure difference 
take-out valve 64, or into reaction force chambers 72a (72b) 
10 respectivelydisposed in the portions of the pressure difference 
take-out valve 64 that are opposed to the two end faces of the 
spool 66. 

For exanqple, when the toroidal-type continuously variable 
transmission transmits the power from the drive source to the 

15 drive wheels, the oil pressure in the interior of the oil pressure 
chamber 63a of the actuator 10 becomes higher than that of the 
other oil pressure chamber 63b. In this state, the oil pressure 
to be introduced into the pilot portion 68a becomes higher than 
the oil pressure to be introduced into the other pilot portion 

20 68b and thus the spool 66 is moved to the right in Figs, 1 and 
3, so that the pressure difference take^out valve 64 is switched 
over to the state shown in Fig, 1. As a result of this, the 
pressure oil fed through the second pressure introduction 
passage 69 is introduced through one (in Fig, 1, the lower right 

25 one) 71a of the third pressure introduction passages into the 
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first pilot portion 60 of the pressing force control valve 56* 
On the other hand^ in the engine braking operation/ oppositely, 
the oil pressure to be introduced into the other pilot portion 
68b becomes higher than the oil pressure to be introduced into 
5 the pilot portion 68a and thus the spool 66 is moved to the 
left in Figs* 1 and 3, so that the pressure difference take-out 
valve 64 is switched over to the reversed state to the state 
shown in Fig, 1, As a result of this, the pressure oil fed 
through the second pressure introduction passage 69 is 

10 introduced through the other (in Fig- 1, the lower left passage) 
71b of the third pressure introduction passages into the second 
pilot portion 61 of the pressure difference take-out valve 56* 
In both cases, the pressure oil introduced into the third 
pressure introduction passages 71a/ 71b is also introduced into 

15 the reaction force chambers 72a {72b) of the pressure difference 
take-out valve 64 to thereby press against the axial-direction 
end face of the spool 66, Therefore/ the force, which shifts 
the spool 66 in the axial direction to thereby allow the second 
pressure introduction passage 69 and the third pressure 

20 introduction passage 71a (71b) to conimunicate with each other, 

is in proportion to the difference I AP | between the oil 
pressures introduced into the pair of pilot portions 68a, 68b 
disposed in the pressure difference take-out valve 64* As a 
result of this, the oil pressures to be introduced into the 
25 first and second pilot portions 60, 61 of the pressing force 
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control valve 56 are in proportion to the difference 1 AP | 
between the oil pressures in the oil pressure chambers 63a/ 
63b of the actuator 10/ that iS/ the force that passes through 
the toroidal-type continuously variable transmission 24a • 
5 The valve opening pressure of the pressing force control 

valve 56 increases as the oil pressures introduced into the 
first and second pilot portions 60, 61 increase^ while the oil 
pressure to be introduced through the first pressure 
introduction passage 54 into the pressing device 23a increases 

10 as the valve opening pressure of the pressing force control 
valve 56 increases. Therefore, the oil pressure to be 
introduced into the pressing device 23a and thus the pressing 
force to be generated by the pressing device 23a increase as 
the force passing through the toroidal-type continuously 

15 variable transmission 24a increases. Thu$# the value of the 
pressing force to be generated by the pressing device 23a is 
a value which is necessary when the transmission ratio of the 
toroidal- type continuously variable transmission 24a is 1, 
while the oil pressure necessary for this is a target value 

20 set forth in Claim 1 . The foregoing description relates mainly 
to the structure and operation of the main oil pressure control 
unit. 

Further, in the case of the present structure, as an oil 
pressure correcting apparatus, there are disposed, in addition 
25 to the third pilot portion 62 incorporated into the pressing 
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force control valve 56, a fourth pressure introduction passage 
74 and an electromagnetic valve 75. Of these parts, the fourth 
pressure introduction passage 74 allows the second pressure 
introduction passage 69 to coimaunicate with the third pilot 
5 portion 62 » Also/ the electromagnetic valve 75 is disposed 
in the intermediate portion of the fourth pressure introduction 
passage 74 in such a manner that the former is cormected in 
series to the latter. And, the electromagnetic valve 75 is 
capable of switching the following two states at a high speed 

10 over to each other when it is operated by a solenoid 77 which 
canbe controlled with an instruction given from the transmission 
control unit 76: that is, one of the states allowing the second 
pressure introduction passage 69 and third pilot portion 62 
to coiomunicate with each other, and the other state allowing 

15 the third pilot portion 63 and oil storage portion 51 over to 
each other. Therefore/ the oil pressure to be introduced into 
the third pilot portion 62 canbe adjusted arbitrarily and finely 
according to the instruction from the transmission control unit 
76. That ±Sf the transmission control unit 76 finds 

20 electrically the necessary value of the oil pressure 
corresponding to the optimLim value of the pressing force to 
be generated by the pressing device 23a with the transmission 
ratio of the toroidal-type continuously variable transmission 
24a/ the temperature of lubricating oil existing in the interior 

25 of the toroidal- type continuously variable transmission 24a, 
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the rotation speed of the engine serving as the drive source 
and the like taken into consideration, And^ the transmission 
control unit 76 then introduces the oil pressure corresponding 
to a correction value ^ which is a difference between the 
5 necessary value and the above-mentioned target value^ into the 
third pilot portion 62. 

The oil pressure introduced into the third pilot portion 
62 in this manner presses against the spool 58 of the pressing 
force control valve 56 to the left in Figs. 1 and 2, As a result 

10 of thiS|. the flow passage of the pressing force control valve 
56 is opened^ which provides a tendency to allow the pressure 
escape passage 55 and oil storage portion 51 to communicate 
with each other. That is, when the oil pressure introduced 
from the pressure escape passage 55 into the pressure chamber 

15 73 increases, the flow passage of the pressing force control 
valve 56 is opened to thereby lower the oil pressure in the 
pressure escape passage 55 and first pressure introduction 

passage 54 . Thus, the valve opening pressure Pge of the pressing 
force control valve 56 is in proportion to a value obtained 

20 by subtracting a force Fg based on the oil pressure introduced 
into the third pilot portion 62 from the sum of the elastic 

force Fsg of the spring 59 built into the pressing force control 
valve 56 and a force Fi based on the oil pressure introduced 
into any one of the first and second pilot portions 60, 61 
25 P^ocF^^F^-F^ . Here, the elastic force Fg^ of the spring 59 is 




constant/ and the force Fx based on the oil pressure introduced 
into any one of the first and second pilot portions 60 and 61/ 
as described before, increases as the force passing through 
the toroidal-type continuously variable transmission 24a 
5 increases. Also, the force F2 based on the oil pressure 
introduced into the third pilot portion 62 is fine adjusted 
according to the operating conditions of the toroidal-type 
continuously variable transmission 24a such as the transmission 
ratio and oil temperature thereof by the transmission control 

10 unit 76. Specifically/ as the deviation of the transmission 
ratio from 1 increases and as the oil temperature decreases, 
the oil pressure to be introduced into the third pilot portion 
62 is increased and the force Fz is increased. 

In the case of the above-structured toroidal-type 

15 continuously variable transmission according to the present 
embodiment/ the pressing force generated by the pressing device 
23a is adjusted according to the force passing through the 
toroidal-type continuously variable transmission 24a. In this 
case/ the structure has a mechanism adjusting the pressing force 

20 in response to a transmission ratio setting the pressing force 
into maximum. In addition to this, the structure also has a 
second mechanism adjusting the pressing force generated by the 
pressing device 23a in response to the transmission ratio and 
oil temperature , Therefore/ the structure controls the optimiam 

25 pressing force • The present pressing force can be restricted 
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to the optimum value regardless of the operating conditions 
of the toroidal-type continuously variable transmission 24a. 
That iSf as the valve opening pressure of the pressing force 
control valve 56 constituting the oil pressure correcting 
5 apparatus is adjusted in the above-mentioned manner, the oil 
pressure to be introduced into the pressing device 23a provides 
the necessary value P^{<x:F^-i'F^-F^) which is in proportion to 
a value obtained by subtracting a correction value, that is, 
the force F2 based on the oil pressure introduced into the third 

10 pilot portion 62 from the target value set by the pressure 
difference take-out valve 64 constituting the main oil pressure 
control unit/ that is, the sxm + ) of the elastic force 
F59 and the force Fi based on the oil pressiare . Of the necessary 
value, since the correction value F2 can be found electrically/ 

15 the oil pressure to be introduced into the pressing device 23a 
can be fine adjusted according to the operating conditions of 
the toroidal-type continuously variable transmission 24a, As 
a result of this, the surface pressures of the traction portions 
can be set properly, which makes it possible to secure the 

20 transmission efficiency and durability of the toroidal-type 
continuously variable transmission 24a. 

Also, in case where the operation portion of the oil 
pressure correcting apparatus disposed in the transmission 
control unit 76 is disabled to calculate the correction value 

25 F2 of the necessary value Pse because an electric circuit for 
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finding the correction value Fa is out of order/ into the pressing 
device 23a/ there is introduced an oil pressure having the target 
value (p^F^-^F^) set by the pressure difference take-out valve 
64 constituting the main oil pressure control unit . This target 
5 value exceeds the above-mentioned necessary value when the 
transiaission ratio of the toroidal-type continuously variable 
transmission 24a is the speed decreasing side or the speed 
increasing side. In other words, when the transmission ratio 
is the speed decreasing side or the speed increasing side/ the 

10 pressing force to be generated by the pressing device 23a is 
excessively large • However, the pressing force to be generated 
in this case, in the first example of the conventional structures 
shown in Figs* 4 to 6/ corresponds to the pressing force to 
be generated by the pressing device 23 of a loading cam type. 

15 Therefore, while the transmission efficiency and durability 
of the toroidal-type continuously variable transmission 24a 
are slightly lowered, the necessary minimum function can be 
secured. Thanks to this, not only a vehicle carrying the 
toroidal-type continuously variable transmission 24a is 

20 allowed to run by itself to a repair shop but also the inner 
surfaces of the input side and output side disks 2, 5 and the 
peripheral surfaces of the power rollers 6, 6 can be prevented 
frombeingdamagedheavily. Thus, incase where the oil pressure 
correcting apparatus, which is easier to be out of order due 

25 to its complicated structure than the above-mentioned main oil 




pressure control xmit for setting a pressing force in a pure 
oil pressure manner, is out of order/ the reliability of the 
toroidal-type continuously variable transmission 24a can be 
secured. 

5 By the way/ according to the invention, even in case where 

the oil pressure correcting apparatus is out of order/ the 
running operation of a vehicle carrying the toroidal-type 
continuously variable transmission 24a thereon can be continued 
without giving a strange feeling to the driver of the vehicle 

10 specially. However, in case where such condition is left as 
it is, the transmission efficiency is lowered to thereby worsen 
the mileage performance and riinning performance of the vehicle; 
and/ in case where the oil pressure correcting apparatus is 
left unrepaired for an excessively long period of time, the 

15 durability of the toroidal-type continuously variable 
transmission 24a can also be impaired. Therefore, when the 
oil pressure correcting apparatus is out of order, preferably, 
it zaay be repaired early* For this purpose, when enforcing 
the invention, preferably, proper alainnci means such as an alarm 

20 light for informing the driver that the oil pressure correcting 
apparatus is out of order may be installed on the dashboard 
or the like which is disposed on the driver's seat- 

Also, the invention can also apply to such structure as 
shown in Fig, 7 in which the toroidal-type continuously variable 

25 transmission 24a is combined with the planetary-gear-type 
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trcuismission 25 to thereby constitute a continuously variable 
transmission apparatus , In this case/ the oil pressure control 
unit changes the oil pressure to be fed into the pressing device 
also according to a mode which is realized as the mode switching 
5 means is switched. 

That is, in the high speed mode in which the high speed 
clutch29 sezrving as the mode switching means is connected and 
the low speed and retreat clutches 44, 45 are disconnected^ 
the force passing through the toroidal-type continuously 

10 variable transmission 24a is lowered. Therefor©/ in the high 
speed mode, the oil pressure to be fed into the pressing device 
23a is set lower than the oil pressures in the other modes (low 
speed and retreat modes) . By changing the oil pressure 
according to the modes, in any one of the modes, the surface 

15 pressures of the traction portions can be set properly. By 
the way, in this case, an operation to adjust the oil pressure 
to be fed into the pressing device 23a according to the variations 
in the above force is carried out by the main oil pressure control 
unit- 

20 Since the invention is structured and operates in the 

above-mentioned manner, there can be realized a toroidal-type 
continuously variable transmission which is conqpact in size 
and is excellent in transmission efficiency and durability. 

25 
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